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Among the initial 492 patients who underwent balloon aortic 
valvuloplasty as part of the Mansfield Investigational Device 
Exemption Protocol, 31 (6.3%) had acute catastrophic complica-
tions. These included ventricular perforation in nine (1.8 %), seven 
women and two men; six cases (67%) involved serial balloon 
inflations and seven (78%) also involved dual balloon inflations. In 
six (67 %) of the nine patients perforation was fatal. In four 
patients studied at necropsy, the perforation involved the base of 
the lateral left ventricular free wall. Pericardiocentesis was per-
formed in five patients, three of whom survived with (one patient) 
or without (two patients) operative repair. 
Acute, severe aortic regurgitation developed in four patients 
(0.8 %), all women. None had significant regurgitation before 
valvuloplasty; dual balloons were used in two of the four. All three 
patients who underwent emergency valve replacement survived. A 
fourth patient died 2 days after valvuloplasty without operative 
intervention. 
Percutaneous balloon aortic valvuloplasty has been shown 
(1-6) to be an effective means of achieving improvement in 
the hemodynamic profile of patients with calcific aortic 
stenosis (1-6). Although the long-term outcome of aortic 
valvuloplasty is attended by a high rate of restenosis (7-10), 
the procedure remains a valuable therapeutic intervention 
for patients who are not candidates for operation, as a bridge 
to surgery for patients who are marginal candidates for 
operation (11), as a "bailout" procedure for patients whose 
condition deteriorates during routine cardiac catheterization 
(12,13) and as prophylaxis for patients undergoing noncar-
diac surgery (14). 
While anecdotal reports have identified certain complica-
tions that may result from this procedure, limited data have 
been pubiished previously regarding the frequency of acute, 
serious and life-threatening complications of percutaneous 
aortic valvuloplasty. Accordingly, the purpose of this inves-
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Fatal cardiac arrest complicated balloon aortic valvuloplasty in 
13 patients (2.6%), including 7 with cardiogenic shock and 4 with 
refractory ventricular arrhythmias. Of the seven with shock, four 
had been treated with serial balloon inflations; dual balloons were 
used in three. In two of three patients studied at necropsy, the 
aortic valve was observed to be congenitally bicuspid. 
A fatal cerebrovascular accident occurred in two patients 
(0.4%); it was hemorrhagic in one, embolic in another. Both 
patients were treated with serial (including one dual) balloon 
inflations. 
Limb amputation was required in three patients (0.6%), two 
women and one man; in two patients amputation was above the 
knee, in the third patient it was limited to two toes. 
In all, catastrophic complications of balloon aortic valvulo-
plasty were ultimately fatal in 24 (77%) of the 31 patients. 
(J Am Coll CardioI1991;17:1436-44) 
tigation was to analyze both the frequency and the nature of 
catastrophic complications of balloon aortic valvuloplasty 
among the initial cohort of patients enrolled in the Mansfield 
Scientific Aortic Valvuloplasty Registry. 
Methods 
Definition. Catastrophic complications were arbitrarily 
defined as misadventures directly related to balloon aortic 
valvuloplasty that typically were fatal or required a major 
operation. Five such catastrophic complications were iden-
tified: ventricular perforation, acute severe aortic regurgita-
tion, fatal cardiac arrest, fatal cerebrovascular accident and 
amputation. 
Patients. The cohort for the present investigation com-
prised the initial 492 patients studied under an Investiga-
tional Device Exemption (IDE) granted to Mansfield Scien-
tific, Inc. (Watertown, MA) for performing balloon aortic 
valvuloplasty in adults with calcific stenosis who were 
otherwise judged to be at high risk for surgery. Data forms 
required for each individual patient, as well as any other 
accompanying documents relating to patient care, submitted 
to Mansfield Scientific, Inc. during the course of the Inves-
tigational Device Exemption were made available for re-
view; the patient, investigator and institution were not 
identified. Registered data on each of the 492 patients were 
reviewed in their entirety for clinical, hemodynamic, proce-
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Figure 1. Complications (CX) reported among the initial 492 pa-
tients (pts.) in the Mansfield Scientific Aortic Valvuloplasty Regis-
try. Balloon valvuloplasty was uncomplicated in 391 patients 
(79.5%). Complications were reported in 101 patients (20.5%); 
catastrophic complications were reported in 31 patients (6.3%). 
dural and operative or postmortem findings, or both, regard-
ing the aforementioned complications of balloon valvulo-
plasty, In certain cases in which it was determined after 
reviewing the available data on file that additional specific 
details regarding the patient's hospital course might be 
useful in clarifying the nature of a particular complication. an 
official at Mansfield Scientific, Inc. forwarded such requests 
to the submitting institution or investigator, or both; again, 
three way anonymity was preserved for data obtained, and 
made available for review in this way. 
Results 
Case report data regarding complications were available 
for all 492 patients. The age range for the total cohort was 22 
to 95 years (mean ± SEM = 79 ± 0.38); 273 patients (55.5%) 
were women. 
Incidence of complications (Fig. 1). Balloon valvuloplasty 
was uncomplicated in 391 patients (79.5%); complications 
were reported in 101 (20.5%). Most complications were 
classified as noncatastrophic. including groin hematomas, 
bleeding that required transfusion, transient, focal neuro-
logic events of embolic origin that resolved without se-
quelae. reversible arrhythmias. bradycardia and hypoten-
sion. Details regarding these complications have been 
presented elsewhere (15) and in this Seminar. 
Catastrophic complications were less common (Fig. 2). 
involving 31 patients (6.3%). The patients ranged in age from 
55 to 93 years (mean 78.1 ± 0.33); 20 (64.5%) were women. 
The proportion of women among the 31 patients with cata-
strophic complications was significantly greater (p = 0.04) 
than that of women in the remaining cohort (chi-square test 
analysis). Specific clinical, hemodynamic. operative and 
postmortem findings regarding these patients are presented 
in Tables 1 to 5. 
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Figure 2. Frequency of specific catastrophic complications among 
the 492 patient cohort. Ventricular perforation (Pert) occurred in 9 
patients (1.8%); acute, severe aortic regurgitation (AR) in 4 (0.8%); 
fatal cardiac arrest (FCA) in 13 (2.6%); amputation (Amp) in 3 
(0.6%) and fatal cerebrovascular accident (CV A) in 2 (0.4%). Other 
abbreviation as in Figure I. 
Ventricular perforation (Table 1). Ventricular perforation 
was documented in nine patients; in six (67%) perforation 
proved fatal. Seven (78%) of the nine individuals were 
women. The nine patients ranged in age from 67 to 93 years 
(mean 79). In six cases (67%) balloon aortic valvuloplasty 
involved serial balloon inflation. In seven (78%), aortic 
valvuloplasty was performed using two balloons inflated 
simultaneously (dual balloon inflation). Only two instances 
(22%) of perforation occurred during procedures performed 
using a single balloon. 
The precise moment of perforation was not noted in any 
report. As a corollary to this point, in eight of the nine 
patients it was not possible to be certain whether perforation 
was due to the wire alone. the diagnostic catheter alone, the 
balloon catheter alone or some combination of wire and 
catheter. In one patient. perforation was ultimately deter-
mined (intraoperatively) to be due to perforation of the right 
ventricular free wall by a pacemaker electrode inserted 
prophylactically before valvuloplasty. In four patients stud-
ied at necropsy the site of perforation was determined to be 
the base of the lateral left ventricular free wall (Fig. 3); in no 
case were there clinical or other data to indicate that the left 
ventricular apex was the perforation site. 
Pericardiocentesis was performed in five patients: two 
patients experienced transient hemodynamic improvement 
before dying; two survived without operative repair and one 
survived after surgical repair. 
In two patients. the onset of perforation-induced tampon-
ade was signaled by bradycardia, which in one case was 
refractory to atropine. At least one patient was documented 
at necropsy to have a congenitally bicuspid aortic valve. 
Acute, severe aortic regurgitation (Table 2). Acute onset 
of severe aortic regurgitation complicated balloon aortic 
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Table 1. Left Ventricular Perforation in Nine Patients During Balloon Aortic Valvuloplasty 
AoV 
Gradient AoV Area 
(mmHg) (cm~) Pericardiocentesis Fatal Postmortem/Operative 
Pt Age (yr)!Gender Balloon Catheters U sed* Pre Post Pre Post Done Effie. Outcome Findings 
67/F 20; ISI18 47 34 0.33 0.44 + +t + 
2 70/F 15118; 15/20; 18/20 49 30 0.48 0.S5 + 
3 711F IS 66 ND 0.40 ND + Pelf base L VFW, bicuspid 
AoV 
4 751F IS 59 IS 0.54 O.SO 0 + Pelf base L VFW 
5 SO/M 20; IS/20 16 17 0.70 0.70 + + 0 Pelf RVFW by pacemaker 
electrode 
6 S3/F 1511S 70 29 0.40 2.0 + Pelf base L VFW 
7 S6/F 20; IS/20 62 34 0.40 0.40 + + 0 
S S7/M 20; IS/20 64 22 0.60 1.3 + + 0 
9 93/F 15; 15; 15/1S SS ND 0.53 ND + + + Pelf base L VFW 
'Numbers refer to balloon diameter in mm; IS/IS refers to simultaneous dual balloon inflation; 20; IS/18 refers to serial inflation, first with a single 20 mm 
balloon. tThe patient initially responded to pericardiocentesis; aortic and mitral valve replacement were pelformed that same day, but the patient died 7 days 
later. AoV = aortic valve; Effie. = efficacious: F = female; LVFW = left ventricular free wall; M = male; ND = not done; Pelf = pelforation; Post = 
postvalvuloplasty; Pre = prevalvuloplasty; Pt = patient; RVFW = right ventricular free wall; + = present: 0 = absent; - = no data available. 
valvuloplasty in four women whose ages ranged from 74 to 
91 years. None of the four patients were noted to have 
significant aortic regurgitation before valvuloplasty. In two 
of the four patients, balloon aortic valvuloplasty was per-
formed using dual balloon inflation. In all three patients 
studied hemodynamically immediately before and after val-
vuloplasty, calculated aortic valve area increased. All three 
patients who underwent emergency aortic valve replacement 
survived; a fourth patient died 2 days after valvuloplasty 
without operative intervention. Data regarding aortic valve 
morphology was unavailable for two of the three patients 
who underwent aortic valve replacement. One was judged to 
have a congenitally bicuspid aortic valve with a longitudinal 
tear through the middle of one of the cusps. A second patient 
was found to have a tricuspid valve with dehiscence of the 
left coronary cusp from the aortic wall. The patient who died 
Figure 3. When left ventricular (LV) perforation complicated bal-
loon aortic valvuloplasty, the perforation commonly occurred at the 
base of the lateral free wall, whether it was caused by wire alone 
(left) or combination of wire and catheter (right). 
without operative intervention was found at necropsy to 
have a tricuspid valve with fractured calcific nodules, but no 
evidence of leaflet dehiscence. 
Fatal cardiac arrest (Table 3). Fatal cardiac arrest com-
plicated balloon aortic valvuloplasty in 13 patients. In 7 of 
the 13 patients, death resulted from cardiogenic shock. 
These seven patients ranged in age from 55 to 86 years (mean 
76.4); five were men. In each of the seven, the onset of 
cardiogenic shock was heralded by hypotension that devel-
oped during balloon inflation. Serial balloon inflation was 
employed in four of the seven patients, including three 
patients in whom dual balloon inflation was performed. In 
four of these seven patients, at least one set of hemodynamic 
data was recorded after valvuloplasty; although evidence of 
significant hemodynamic improvement was recorded in two 
(Table 3, Patients 2 and 4), in none of the seven did the last 
recorded aortic valve area exceed 0.8 cm2• Four patients 
died immediately or on the day of the valvuloplasty proce-
dure; one survived for 1 more day, and two survived for 2 more 
days. Two of three patients studied at necropsy were observed 
to have a calcified, congenitally bicuspid aortic valve. 
Four patients developed fatal tachyarrhythmias during 
balloon valvuloplasty, three during balloon inflation and one 
during right heart pullback (Table 3, Patient 8). The latter 
patient survived 30 min of cardiopulmonary resuscitation, 
but died after 2 days of incessant ventricular tachycardia. 
One patient underwent successful cardioversion from ven-
tricular tachycardia that developed before balloon inflation, 
but redeveloped ventricular tachycardia that degenerated 
into ventricular fibrillation during balloon inflation; although 
this patient was successfully resuscitated, she died 6 days 
later without regaining consciousness. The remaining two 
patients did not survive the valvuloplasty procedure. 
Two other patients had a fatal cardiac arrest during the 
valvuloplasty procedure. One, a 91 year old woman, died 
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Table 2. Acute Severe Aortic Regurgitation in Four Patients After Balloon Aortic Valvuloplasty 
Ao V Gradient AoV Area 
(mmHg) (cm") 
Pt Age (yr)/Gender Balloon Catheters Used Pre Post Pre Post AVR Fatal Outcome 
1 74/F 20; 20/15 47 20 0.45 0.73 + 0 
2 82/F 18 103p 0.41 + 0 
3 86/F 15 61 16 0.30 0.90 0 +* 
4 911F 15/18; 18/18 54 17 0.58 l.l3 + 0 
'The patient died 2 days after aortic valvuloplasty without surgery. AVR = aortic valve replacement; p = peak gradient; other abbreviations as in Table I. 
several minutes after completion of serial balloon inflations 
performed with single 18 mm and 20 mm balloons. The 
other, an 80 year old man, had coronary artery disease for 
which he had undergone percutaneous angioplasty of the left 
anterior descending and right coronary arteries 4 years 
before death. Serial dual balloon inflation in this patient 
produced an increase in calculated aortic valve area from 
0.69 to 0.95 cm2• At necropsy, the left main, left anterior 
descending, left circumflex and right coronary arteries were 
found to be narrowed by 90%, 100%, 80% and 60% in 
cross-sectional area, respectively; in addition, there was a 
healed anteroseptal myocardial infarction. 
Fatal cerebrovascular accident (Table 4). Two patients 
undergoing balloon aortic valvuloplasty had a massive cere-
brovascular accident and died shortly thereafter. One, a 69 
year old man, underwent serial, including dual, balloon 
inflations that produced an increase in calculated aortic 
valve area from 0.49 to 0.72 cm2• This patient had had a 
recent anterior wall myocardial infarction. During the pro-
cedure he developed signs of right hemispheric deficits that 
did not resolve. Necropsy examination was declined. The 
source of the ultimately fatal, apparently embolic event was 
presumed by his physicians to be a mural thrombus related 
to the recent infarction. 
The second patient was a 76 year old woman who 
underwent serial balloon inflations, each time with a single 
balloon. Aortic valve area improved from 0.47 to 0.80 cm2• 
Two hours after the procedure she suddenly became coma-
tose, and died 2 hours later. Although necropsy examination 
was declined, death was attributed to intracerebral hemor-
rhage. 
Amputation (Table 5). Limb amputation was required in 
three patients after balloon valvuloplasty. One patient was 
an 85 year old man who underwent aortic valvuloplasty with 
a single 20 mm balloon. Immediately after the procedure, 
thromboembolic occlusion of the left lower limb was sus-
pected, owing to sudden loss of pulse and diminished sen-
sory function in the left foot. This patient underwent a 
femoral-popliteal bypass procedure and amputation of the 
first and second toes. 
The two remaining patients were women, 85 and 87 years 
old, respectively. Both underwent serial balloon dilation 
with 20 mm and 23 mm diameter balloon catheters. In one, a 
right groin hematoma was noted at the completion of the 
Table 3. Cardiac Arrest in 13 Patients Resulting in Death Immediately or Shortly After Balloon Aortic Valvuloplasty 
Ao V Gradient AoV Area 
(mm Hg) (cm!) 
Interval 
Pt Age (yr)/Gender Balloon Catheters Used Pre Post Pre Post CAD BAV to Death PM 
A. Cardiogenic shock 
I 55 "1M 20 34 15 0.40 0.56 ND 2 days ND 
2 70/M 20; 20;23 66 37 0.55 0.80 ND 1 day ND 
77/M 15; 15115 ND ND 0.55 ND 0 Same day Bicuspid AoV 
4 801M 15; 15; 15118 109p 90p 0.30 0.63 ND Same day ND 
5 83/F 20; 15/20 63 50 0.50 0.60 0 2 days ND 
6 84/F 20 48 ND 0.40 ND ND Same day ND 
7 861M 20 60 ND 0.35 ND ND Same day Bicuspid Ao V 
B. Fatal ventricular tachycardia or fibrillation 
8 83/F 20 ND ND ND ND 0 2 days ND 
9 851M 15/18 115p ND 0.41 ND + Same day ND 
10 87/F 20 44 65 0.40 0.40 ND 6 days ND 
11 89/F 20 34 20 0.36 0.55 + Same day ND 
C. Fatal cardiac arrest 
12 801M 15/15; 18/18 35 26 0.69 0.95 + I day 90% LM. OMI 
13 91/F 18; 20 50 20 ND ND + Same day ND 
"The patient presented in cardiogenic shock. BAV = balloon aortic valvuloplasty; CAD = coronary artery disease (>50% luminal diameter narrowing); 
LM = left main coronary artery; OMI = old (healed) myocardial infarction; other abbreviations as in Tables I and 2. 
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Table 4. Fatal Cerebrovascular Accident Complicating Balloon Aortic Valvuloplasty in Two Patients 
AoV Gradient 
(mmHg) AoV area (cm") 
Pt Age (yr)/Gender Balloon Catheters Used Pre Post Pre Post Findings 
I 69/M 20: 20115 72p 33p 0.49 0.72 Recent ML possible L VT 
2 76/F 15: 18 78p 25p 0.47 0.80 Cerebrovascular hemorrhage 
LVT = left ventricular mural thrombus; MI = myocardial infarction: other abbreviations as in Tables I and 2. 
valvuloplasty. The patient later developed a pseudoaneu-
rysm at this site that required operation, which was compli-
cated by occlusion of the femoral artery. Owing to later 
onset of gangrene in this limb, above the knee amputation 
was performed. The surgery was complicated by upper 
gastrointestinal bleeding, aspiration pneumonia and death. 
The third patient had undergone emergency balloon aor-
tic valvuloplasty after a cardiac arrest. No significant im-
provement in aortic valve area was achieved. The procedure 
was complicated by rupture of the 23 mm diameter, 3 cm 
long balloon. During attempted removal of the balloon 
catheter, the ruptured balloon became entangled with a 
previously inserted intraaortic balloon pump catheter. An 
arterial dissection consequently developed, which ultimately 
led to a right lower limb amputation. 
In all, catastrophic complications of balloon aortic val-
vuloplasty were ultimately fatal in 24 (77%) of the 31 
patients. The impact of dual balloon inflation on the inci-
dence of catastrophic complications was evaluated by chi-
square analysis. Catastrophic complications were reported 
among 16 (4.5%) of 353 patients treated by single (including 
serial) balloon valvuloplasty; among 139 patients treated 
with simultaneous dual balloon inflation, 15 (10.8%) had a 
catastrophic complication. The difference in these outcomes 
was highly statistically significant (p = 0.01). 
Discussion 
Previous studies. Previous reports have indicated that the 
principal morbidity of balloon aortic valvuloplasty in both 
children (16) and adults (5,6) consists of local vascular 
trauma at the site of catheter introduction. In both age 
groups this particular complication usually can be managed 
conservatively or with minor surgical repair, resulting in no 
long-term sequelae. Moreover, availability of lower profile 
balloon catheters has further reduced the incidence of local 
vascular morbidity. 
In contrast, less attention has been given to those com-
plications of balloon aortic valvuloplasty that more directly 
threaten life or limb, or both. There are at least two reasons 
why such serious complications may have been underem-
phasized in these previous studies. First, in none of these 
previous reports was the issue of complications the principal 
focus of the investigation. Second, most previous reports 
typically summarized the experience of a single institution 
and thereby involved a relatively small number of patients. 
Availability of the Mansfield Registry data therefore pro-
vided a unique opportunity to systematically investigate this 
issue in a relatively large cohort of patients. An additional 
advantage of Registry data for analysis of procedure-related 
complications is that institutional and investigator anonym-
ity were preserved. 
The Registry results. The results of this analysis indicated 
that the frequency of catastrophic complications among the 
492 patients undergoing balloon aortic valvuloplasty was 
6.3%. Furthermore, two findings were common among those 
patients in whom such complications were recognized: fe-
male gender and the use of dual balloon valvuloplasty. 
Additional aspects of the individual complication categories 
merit specific comment. 
Ventricular perforation. Ventricular perforation has pre-
viously been recognized (7,17,18) as a potentially cata-
strophic complication of percutaneous balloon aortic valvu-
loplasty. In the present study, analysis of the nine patients in 
whom this complication occurred disclosed several impor-
tant points. First, perforation is not necessarily fatal: two 
patients survived after pericardiocentesis alone, and a third 
showed transient improvement before successful operative 
repair. Pericardiocentesis thus appears to be critical in 
dealing successfully with perforation complicating balloon 
valvuloplasty; moreover, lack of hemodynamic improve-
Table 5. Amputation in Three Patients After Balloon Aortic Valvuloplasty 
Ao V Gradient 
(mm Hg) AoV Area (cm") 
Level of 
Pt Age (yr)/Gender Balloon Catheters Used Pre Post Pre Post Death Amputation 
851F 20: 23 55 12 0.5 1.3 + Above the knee 
2 851M 20 66 42 0.56 0.84 0 Toes 
3 87/F 20; 23 92p 42p OJ 0.4 0 Above the knee 
Abbreviations as in Tables 1 and 2. 
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ment after balloon valvuloplasty represents an ominous 
prognostic sign. 
Second, the high percentage of serial (67%) and dual 
(78%) balloon inflations suggests that the more maneuvers 
and instrumentation employed for a particular case, the 
greater the likelihood of perforation. While the precise basis 
for this observation remains to be defined more fully, the 
relation may be simply statistical; that is, the more wires and 
catheters advanced into the left ventricle, and the more 
exchanges required for such instrumentation, the greater is 
the likelihood that perforation will result. Because the timing 
of perforation was never precisely identified in any of the 
nine cases, the instrument responsible for perforation (wire 
vs. diagnostic or dilation catheter) remains uncertain. 
Necropsy and operative data from the present study do, 
however, allow conclusions regarding the site of perfora-
tion. Although the left ventricular apex, owing to the mini-
mal wall thickness typical of that site, generally has been 
considered to be the site most vulnerable to perforation, 
perforation during balloon aortic valvuloplasty more com-
monly involved the base of the left ventricular free wall (Fig. 
3). In vitro studies intended to evaluate this point (carried 
out in our laboratory in intact hearts obtained fresh at 
necropsy) have in fact demonstrated that a standard 0.035 or 
0.038 in. (0.089 or 0.097 cm) exchange wire, with and 
without a balloon dilation catheter, introduced retrograde 
across the aortic valve, has a natural tendency to advance 
toward the base of the left ventricular free wall; furthermore, 
both were and may easily be advanced through even hyper-
trophied myocardium with no exceptional force (Slovenaki 
GA, Isner JM, unpublished observations). Age-related an-
gulation of the ventricular septum and diminution in left 
ventricular chamber size (19) may facilitate this path of 
catheter/wire advancement. Eccentric malposition of the 
residual aortic valve orifice due to a congenitally bicuspid 
valve (20), documented at necropsy in one of the nine 
perforations, would be expected to aggravate such catheter/ 
wire misdirection. 
Aortic regurgitation. Although exacerbation of aortic re-
gurgitation after balloon aortic valvuloplasty has been de-
scribed previously (5-9), the magnitude of this complication 
is typically mild and hemodynamically insignificant, and it 
often resolves spontaneously. In contrast, acute, severe 
aortic regurgitation has rarely been observed to complicate 
percutaneous aortic valvuloplasty. Safian et al. (7) described 
two patients in whom "important increases in aortic regur-
gitation" occurred after dilation: one patient died and the 
other survived without surgery. Both patients had evidence 
of leaflet tears. Brady et al. (21) described one patient in 
whom "a marked increase in aortic regurgitation" devel-
oped after valvuloplasty. Alexopoulos and Sherman (22) 
described one patient in whom acute onset of severe aortic 
regurgitation was manifested hemodynamically as transmis-
sion of atrial contraction to the aortic pressure tracing. 
Seifert and Auer (23) successfully repaired an aortic annular 
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Figure 4. Four possible bases for development of acute severe 
aortic regurgitation after balloon aortic valvuloplasty. 
disruption in a patient who had massive, acute aortic regur-
gitation caused by dual balloon aortic valvuloplasty. 
Among the four patients who developed acute, severe 
aortic regurgitation in the present Registry study, three 
required aortic valve replacement and the fourth patient 
died. All four patients were women and dual balloon inflation 
had been used in two of the four. Review of necropsy and 
operative data suggested four possible bases for the devel-
opment of acute, severe aortic valve insufficiency (Fig. 4): 1) 
annular dilation without loss of leaflet integrity; 2) leaflet 
dehiscence from the site of annular attachment; 3) intra-
leaflet tear between nodular calcific deposits involving a 
single leaflet; and 4) intraleaflet tear due to partial fusion of 
one commissure. The latter three causes have in common a 
differential elastic modulus of the calcified versus noncalci-
fied portions of a single leaflet. 
Fatal cardiac arrest. The most common catastrophe 
among the initial 492 patients treated with balloon aortic 
valvuloplasty in the Mansfield study was fatal cardiac arrest. 
This complication has been infrequently documented in 
previous reports of balloon aortic valvuloplasty (18,24,25). 
Data in the present investigation were used to arbitrarily 
classify 13 patients with cardiac arrest into three subgroups: 
I) the clinical course of 7 patients was consistent with 
cardiogenic shock; 2) the deaths of 4 patients were caused by 
recurrent, malignant ventricular tachyarrhythmias; and 3) 
the basis for abrupt death in the remaining patients remains 
uncertain. This classification schema is compromised by the 
fact that not all 13 patients underwent necropsy examina-
tion; furthermore, most patients did not undergo coronary 
angiography. Nevertheless, certain features of this group 
deserve emphasis. Unlike the gender distribution noted for 
the other four categories of catastrophic complications, the 
majority (7 of 13, 54%) of individuals whose death was due to 
cardiac arrest were male. Serial balloon dilation was per-
formed in 6 of the 13 patients; dual balloon inflation was 
employed in 5. A congenitally malformed (bicuspid) aortic 
valve was documented in two patients at necropsy. 
1442 ISNER 
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Figure 5. Three potential bases for development of cardiogenic 
shock as a complication of balloon aortic valvuloplasty. First, a 
congenitally bicuspid aortic valve tends to occlude the aortic valve 
orifice, while a tricuspid valve allows anterograde flow at the 
junction point of each of the three commissures. Second, the inflated 
balloon may transiently occlude one or both coronary ostia. Third, 
augmented afterload resulting from balloon inflation may cause 
"stunned" myocardium. CA == coronary artery. 
Reconstruction of the clinical course of these 13 patients 
suggests at least three potential mechanisms for fatal cardiac 
arrest after balloon aortic valvuloplasty (Fig. 5). 1) In those 
patients with a congenitally bicuspid aortic valve, balloon 
inflation appears to completely occlude the aortic valve 
orifice (26); in contrast, anterograde blood flow typically 
persists at each of the three commissural junctions of the 
congenitally normal tricuspid aortic valve (1). A calcified, 
congenitally bicuspid valve has been previously documented 
at necropsy in three patients who had a fatal cardiac arrest as 
the result of balloon valvuloplasty (18,26). Preliminary expe-
rience with the use of intravascular ultrasound (27) suggests 
that this invasive technique may allow one to differentiate 
the calcified congenitally normal from the congenitally bi-
cuspid aortic valve; however, failure of previously available 
modalities to reliably identify bicuspid morphology in cal-
cific aortic stenosis before death precludes accurate esti-
mates of the true contribution of this condition to the 
morbidity of balloon valvuloplasty. 
2) In at least 1 of the 13 patients in whom left main 
coronary artery stenosis was demonstrated angiographically 
before valvuloplasty (Table 3, Patient 13), fatal cardiac 
arrest may have resulted from occlusion of the left or right 
coronary ostia, or both, during balloon inflation. A similar 
mechanism may have been responsible for two previously 
reported cases of nonfatal acute myocardial infarction (7,28). 
3) A third potential basis for fatal cardiac arrest in these 
patients is transient myocardial stunning of the left ventricle 
during balloon inflation. DeLezo et al. (29) documented a 
slow, progressive decrease in systolic pressure after in-
creased left ventricular pressure generated during the first 
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five to six beats of aortic valve balloon inflation, This 
decremental pressure pattern was unrelated to balloon de-
flation and in fact persisted for several beats after balloon 
deflation, even while aortic pressure was increasing. These 
hemodynamic changes corresponded to angiographic evi-
dence of dyskinesia and a transient reduction in ejection 
fraction. 
Fatal cerebrovascular accident. This complication oc-
curred in two patients, and was embolic in one and appar-
ently hemorrhagic in the other. It is of note that dual balloon 
inflation was utilized in the former patient. Fatal cerebrovas-
cular accident has been reported (28) in at least one patient 
undergoing balloon valvuloplasty. The incidence of nonfatal 
peripheral embolic phenomena in most published series of 
balloon aortic valvuloplasty has been <2%. Davidson et al. 
(30) performed routine computed tomographic head scans 
before and after valvuloplasty in 32 patients undergoing 
aortic or mitral valvuloplasty. Three patients displayed 
evidence of cerebral infarction after aortic valvuloplasty; in 
two patients the infarction was manifested by a transient 
neurologic deficit. Whether such presumed emboli represent 
calcific emboli from valvular calcific deposits or emboli 
related to the thrombogenic wires or catheters, or both, or 
even transient hypotension during balloon inflation causing 
focal ischemia of a watershed or other jeopardized area, 
remains speculative. 
Amputation. While amputation has not been previously 
reported as a complication of balloon aortic valvuloplasty, 
peripheral vascular trauma has consistently been observed 
as the principal complication of percutaneous aortic valvu-
loplasty, in both early (5,6) and later (7) reported series. Two 
of our three patients who required amputation were women. 
In two of the three, serial balloon inflations were performed 
with use of a 23 mm diameter balloon that, because of its 
bulky size, could not be inserted and removed through 
conventional introducer sheaths. Previous experience (3,31) 
with large profile balloon-dilating catheters indicated that 
wire-guided introduction without the use of an introducer 
sheath was associated with a significant incidence of periph-
eral vascular trauma unless local surgical cutdown was 
employed. In one of the three patients requiring amputation 
(Table 5, Patient 3), emergency balloon valvuloplasty per-
formed after cardiac arrest was complicated by rupture of a 
23 mm balloon; during catheter withdrawal, the redundant 
wings of the ruptured balloon became entangled with a 
previously inserted intraaortic balloon catheter, leading to 
arterial dissection and ultimately amputation. 
Although most cases of balloon rupture typically involve 
a longitudinal tear, circumferential tears have been docu-
mented as well (32); the latter appear to increase the hazard 
of vascular trauma during balloon-catheter retrieval. In the 
absence of data indicating either a favorable effect on 
immediate or long-term outcome, or both, these findings 
raise serious questions regarding the use of intentional 
balloon rupture as a means of optimizing the results of 
balloon aortic valvuloplasty. 
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Other catastrophic complications. Two catastrophic com-
plications previously reported by others were not observed 
among the present cohort. Lembo et al. (33) described an 86 
year old man in whom serial inflation of 15 mm, 20 mm, 3 x 
12 mm (Trefoil), and 23 mm balloons resulted in fatal 
pericardial tamponade due to a ruptured aorta. In another 
patient receiving long-term steroid therapy for lupus erythe-
matosus (34), positive blood cultures for Staphylococclls 
epidermidis developed 2 weeks after valvuloplasty. Despite 
5 weeks of antibiotic therapy, the patient died. Necropsy 
findings included a ring abscess around a congenitally bicus-
pid aortic valve. 
Dual balloon technique in women. As indicated earlier, 
our findings suggest that the frequency of catastrophic 
complications is increased in women to a statistically signif-
icant degree. This fact is likely due to the generally more 
diminutive size of the peripheral access arteries, aortic 
anulus and (possibly) left ventricular chamber typical in 
women. The use of large introducer sheaths or large bal-
loons, or both, should probably be avoided in women if 
possible. A second feature of balloon valvuloplasty that was 
common among this group of catastrophic complications 
was the use of serial or dual balloon inflations. Such cata-
strophic complications were not observed in three previ-
ously reported series (35-37) of patients treated with the dual 
balloon technique. Given the results of the present investi-
gation, in combination with evidence that dual balloon 
inflation fails to improve the long-term outcome of aortic 
valvuloplasty in adults (38), there is currently little rationale 
for dual balloon valvuloplasty in adults with calcific aortic 
stenosis. 
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